In our detailed report (2) of studies showing that dl-methionine can replace cystine as an essential dietary supplement for the promotion of growth, we outlined the possible metabolic interrelations' of these amino acids together with several outgrowing problems which subsequently have been investigated in various laboratories.
One of these problems was to determine whether only one or both of the optically active forms of methionine would promote growth and further whether the corresponding acylated derivatives were physiologically available. These com-* A considerable part of the experimental work was done in the Laboratory of Physiological Chemistry, Yale University, and a preliminary note has been published (1). 1 Inasmuch as the basal diet employed in our investigation contained small amounts of both cystine and methionine, one possible interpretation which we suggested for our results was that only one of the two amino acids, cystine or methionine, is indispensable and that there is at least one metabolic function which can be cared for by either amino acid or by some common metabolite of the two. pounds were of special interest from the standpoint of the comparative physiology of the amino acids, inasmuch as previous tests by other investigators had revealed that the unnatural d-cystine does not support growth (5, S), that both I-and d-tryptophane are available (7, S), but that acetyl-d-tryptophane, unlike the acetyl derivative of the natural I-tryptophane, is unavailable for growth (8, 9 ). For our experiments, the formyl derivatives of d-and Z-methionine were selected as the acylated forms to be studied. These and the optical antipodes of the amino acid were secured through the resolution of dl-methionine.
The physiological tests showed (1) that, relative to the influence of spatial configuration and to the effect of blocking the amino group, methionine is similar to tryptophane.
We are presenting herewith a more complete account of our experiments. The less soluble brucine salt, that of formyl-d-methionine, after recrystallization from absolute ethanol amounted to 41.5 gm. and melted at 143-14402 following slight initial softening at 131". The more soluble salt was secured with some difficulty.
Progressive concentration of the filtrate from the brucine salt of formyl-d-methionine yielded about 1 gm. of an intermediate fraction which was discarded and finally a crop of the more soluble brucine salt of formyl-l-methionine. However, the latter was secured only after the volume of solution was reduced sufficiently to cause first the precipitation of a fairly large fraction of free brucine.
Inasmuch as it was obvious that the considerable excess of brucine employed was interfering with the crystallization of the brucine salt, the free brucine was removed.
The ethanol solution was evaporated to dryness and the residue triturated with ice-cold water. The insoluble hydrated brucine was filtered off and washed with more cold water.
The combined water filtrates were evaporated and thoroughly dried by repeated distillation of added benzene. The residue was finally crystallized from a minimal amount of absolute ethanol.
The total yield of the more soluble brucine salt amounted to 40.7 gm., which melted at 195-198'.
The quantity of each brucine salt calculated from the formyl-dl-methionme employed should be 42.5 gm. The yields, respectively 41.5 and 40.7 gm. (97 per cent of the total possible 85 gm.), and the widely separated and rather sharp melting points (cf. (10)) are excellent evidence of a complete separation of the two enantiomorphs.
The formyl-dand I-methionines were secured as directed by Windus and Marvel and crystallized from ethyl acetate, although the resolved products, as contrasted to the racemic formyl methionine, are too soluble in this solvent for convenient manipulation. The formyl-dand I-methionines yielded respectively the following analyses: nitrogen calculated 7.91; found 8.05 and 8.01 per cent; [cyli5 = f12.2' and -11.0" (~1.0') for 1.7 per cent solutions in water.
The formyl-l-methionine melted at 98-100". For the two compounds, Windus and Marvel report the melting point of 99-100" and specific rotations of +10.6" and -10.0" respectively.
No evidence of free amino acid in our two preparations could be secured by a controlled semiquantitative application of the ninhydrin test. The d-and I-methionines were prepared by hydrolyzing the corresponding formyl derivatives with 2.5 N sulfuric acid for 12 hours on the steam bath.
The sulfuric acid was removed by addition of an equivalent amount of barium hydroxide, and the filtrate from the barium sulfate evaporated in vucuo to dryness. The residue was crystallized from 65 per cent ethanol. Three crops of each antipode were thus secured, the third crop in each case being impure.
Of the original 22.2 gm. of dl-methionine employed in the resolution as the formyl compound, 10.3 and 10.7 gm. were recovered as the d-and I-methionines or their formyl derivatives.
These recoveries thus amounted to more than 90 per cent. The nitrogen values for the d-and I-methionines were found to be respectively 9.23 and 9.30 per cent (calculated 9.39 per cent).
[oL]~~ for 2 per cent solutions of the recrystallized substances in water was respectively +7.0", +7.2", and -7.4", -7.1" (f0.57. 3 Windus and Marvel found rotations of +8.12" and -7.5"
(also -8.1") for the resolved synthetic materials and -6.9" for the amino acid isolated from casein. For the latter type of preparation, Mueller (11) found a rotation of -7.2".
Physiological Tests
The technique employed in the growth tests was essentially the same as that described in detail in former publications on cystine and methionine (2, 12) . Young male albino rats exhibiting a satisfactorily restricted growth on the basal cystine-methionine-deficient diet (Diet B) were selected for experiment. This diet was composed as follows: whole milk powder 12, gelatin 3, Osborne and Mendel's salt mixture (13) 1.5, sodium chloride 1.0, corn-starch 56.9, tryptophane 0.02, Lloyd's reagent adsorbate of vitamin "B" 0.6, and lard 25 per cent. 100 mg. of cod liver oil and 125 mg. of dried yeast were given separately to each animal daily.
The amounts of supplements employed for 100 gm. of the basal diet were 149 and 298 mg. (arbitrarily called 1 and 2 equivalents) of the methionine stereoisomers and 177 and 354 mg.
(1 and 2 equivalents) of the formyl methionine stereoisomers.
DISCUSSION
The effect on growth of each compound was tested with three or more animals.
Two experiments with each compound are depicted in Figs. 1 and 2 . The experiments uniformly demonstrated that both d-and I-methionine (cf. Rose (14)) as well as formyl-Z-methionine support growth, whereas formyl-d-methionine does not. The negative results for the formyl-d-methionine were confirmed with an additional preparation synthesized directly from the authenticated d-methionine. Our results with d-and I-methionine, therefore, are strictly comparable to those previously reported for tryptophane, and likewise are contrary to the idea that only the naturally occurring optical forms of amino acids are physiologically useful to the animal. It has now been shown that both forms of histidine (15) homocystine (16) , and phenylalanine (14) , although only the natural form of lysine (17, 18) , valine, leucine, and isoleucine (14) , are utilizable for growth.
The evidence that all naturally occurring amino acids possess the same spatial configuration about the a-carbon atom, and also the usual marked dependence of physiological response upon a definite chemical pattern and indeed upon a particular optical configuration make it seem curious that the animal can utilize the unnatural form of several amino acids. It appeared unlikely that the animal could incorporate the unnatural isomer in its tissue proteins.
In fact, the more reasonable explanation that the natural form is synthesized in vivo from its optical isomer has recently been experimentally verified for histidine by Conrad and Berg (19) .
Such a conversion is accomplished, it seems fair to assume, through oxidative deamination to the corresponding ketonic acid and subsequent asymmetric synthesis to the natural amino acid. Indeed, the unnatural optical forms of some amino acids are knowp to yield cr-ketonic acids not only in an isolated system such as a tissue slice (cf. Krebs (20)) but also in the normal organism.
It has not yet been demonstrated for methionine, as it has for several amino acids, that the corresponding ketonic acid promotes growth.
Nevertheless, the fact that the dl-ahydroxy (21, 22) and the dl-N-methyl (23) derivatives of methionine as well as the unnatural form of the amino acid are utilizable seems to speak for processes involving a common metabolic intermediate and, in particular, the corresponding cY-ketonic acid. In this connection, a comparison of methionine and lysine is of interest.
Neither the dl-hydroxy (18) nor the dl-N-methyl (24) derivative nor the unnatural form of the amino acid is available in place of lysine for growth.
This may not mean the failure or absence of three entirely separate phys;ological mechanisms. On the other hand, it is conceivable that these three substances related to natural lysine are converted to the corresponding cy-keto acid, but that the latter, susceptible to side reaction, is diverted from the more usual amination process.
Our results with the formyl methionines show that the introduction of the formyl group prevents the utilization of the unnatural amino acid but not of its enantiomorph.
This finding is analogous to the original observation of du Vigneaud, Sealock, tions on both tryptophane and methionine reveal that the enzymes available for hydrolyzing the acyl derivatives are more limited in their sphere of action than those responsible for the utilization of the stereoisomers of the amino acids themselves.
SUMMARY
1. Both d-and Z-methionine effectively supplement a ration deficient in cystine and methionine.
2. The formyl derivative of the naturally occurring Z-methionine is utilized for growth, whereas formyl-d-methionine is not.
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